
DUNE/LBNF
Beamline

Designs and
νµ → ντ
Appearance
BNL-SBU

meeting Oct
4th, 2016

Mary Bishai
BNL

Neutrino
Beamline
Basics

Reference
LBNF beam
design

Optimization
for ντ
Appearance

Summary

DUNE/LBNF Beamline Designs and
νµ → ντ Appearance

BNL-SBU meeting Oct 4th, 2016

Mary Bishai
BNL

October 4, 2016

1 / 20



DUNE/LBNF
Beamline

Designs and
νµ → ντ
Appearance
BNL-SBU

meeting Oct
4th, 2016

Mary Bishai
BNL

Neutrino
Beamline
Basics

Reference
LBNF beam
design

Optimization
for ντ
Appearance

Summary

Outline

1 Neutrino Beamline Basics

2 Reference LBNF beam design

3 Optimization for ντ Appearance

4 Summary

2 / 20



DUNE/LBNF
Beamline

Designs and
νµ → ντ
Appearance
BNL-SBU

meeting Oct
4th, 2016

Mary Bishai
BNL

Neutrino
Beamline
Basics

Reference
LBNF beam
design

Optimization
for ντ
Appearance

Summary

Example: NuMI Target and Horns
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The LBNF Beamline CDR Design

Advanced conceptual design with upgraded NuMI-style focusing.
Horn location fixed but tunable by using movable target:
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Optimization of Focusing System Geometry for
CPV Laura Fields

Optimization result with a genetic algorithim
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Optimization of Focusing System Geometry for
CPV Laura Fields

BOTF result: Significant gain in flux < 3 GeV = CPV gain
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νµ → ντ Appearance Fundamentals

LBNF reference design (NuMI focusing) low energy tune
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 Appearance at 1300 kmτ ν → µ ν

νµ → νe 310 events νµ → ντ 190 events
in 40 ktons, 1 year at 1.2 MW
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νµ → ντ Appearance Fundamentals

LBNF reference design (NuMI focusing) higher energy tune
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 Appearance at 1300 kme ν → µ ν
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 Appearance at 1300 kmτ ν → µ ν

νµ → νe 230 events νµ → ντ 530 events
in 40 ktons, 1 year at 1.2 MW at 1300km
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νµ → ντ Appearance Fundamentals

LBNF reference design (NuMI focusing) higher energy tune
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 Appearance at 2500 kme ν → µ ν
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 Appearance at 2500 kmτ ν → µ ν

νµ → νe 150 events νµ → ντ 410 events
in 40 ktons, 1 year at 1.2 MW at 2500km
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Are we at the right baseline?

Rates with a 120 GeV perfect focused beam and a 400m decay
channel:
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Depends on how you focus !!. Baseline is not a fundamental limitation.
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Optimize LBNF Reference Design for ντ

From Letizia Parato (G4LBNF, detailed geometry, GENIE
cross-sections):
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Need to push the horns as further away as possible
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Optimize LBNF Reference Design for ντ

From Letizia Parato (G4LBNF, detailed geometry, GENIE
cross-sections):

A target ∼ 2 m away from NuMI Horn 1 is optimal
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Optimize LBNF Reference Design for ντ

From Letizia Parato (G4LBNF, detailed geometry, GENIE
cross-sections):
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Further optimization of horns increases yield.
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Optimize LBNF Reference Design for ντ

From Michael Dolce (G4LBNE v2, simplified geometry, GLoBeS
cross-sections):
NuMI target: 120 GeV σp = 1.5mm; graphite box 1.754 g/cm3; 6.4mm W x 20mm H x 0.9538m or
2.3719m L
LBNF target: 120 GeV σp = 1.7mm; graphite box 1.754 g/cm3; 10mm W x 20.73mm H x 0.9538m or
2.3719m L

Need a target that produces more pions from primary p+ interactions.
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Optimize LBNF Reference Design for ντ

From Michael Dolce (G4LBNE v2, simplified geometry, GLobeS
cross-sections):
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Optimize LBNF Reference Design for ντ

From Michael Dolce (G4LBNE v2, simplified geometry, GLoBeS
cross-sections):
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Summary and Conclusions

By varying the tune of the reference LBNF 2-horn design
(NuMI-like), we can increase the number of ντ appearance
events from 130 CC events with the optimized 3-horn design (∼
200 with the reference LBNF design) to ∼ 720 CC events per 40
kton-year !

2 completely independent studies by Letizia Parato and Michael
Dolce indicate that for the reference LBNF NuMI-like focusing
system, the optimal tune for ντ apperance is with the horns the
maximum distance apart allowed by the expanded chase ∼ 17m,
230kA and a target 2m from Horn 1.

Preliminary studies indicate target optimization is needed to
increase the number of pions from primary proton interactions.
Challenge at 1.2MW or higher.
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Further Studies - Opportunities for Collabortion

Using GLoBeS and DUNE FastMC (parameteric simulation)
develop a full sensitivity analysis to ντ appearance in
DUNE/LBNF taking into account smearing and backgrounds

Apply machine learning techniques to the double parabolic horn
designs to optimize for ντ appearance. This requires
development of a metric based on sensitivity studies.

ProtoDUNE data analysis to improve input to FastMC ντ
selection based on fully reconstructed hadron and electron
shower resolutions.

Co-ordinate with the BSM and Long-Baseline PWG on the final
design high energy focusing system that expands the physics
reach beyond ντ appearance as well.
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